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D. Brownlee and collaborators have previously published observations on a 
"chondritic" subset of small ($10 pm) dust particles collected in the strato- 
sphere by U-2 aircraft. Similarities between these particles and chondritic 
meteorites include major element chemistries (I), mineralogies (2), and low U 
content (one measurement) (3) . However, based on their frequently porous 
"fairy castle" structures, especially as evidenced by secondary electron 
imaging, and the presence of relatively large concentrations of helium in some 
of the particles ( 4 ) ,  it has been argued that the particles are not from 
meteorites, but represent samples of interplanetary dust (and by extension, 
very likely, cometary particles) that survived atmospheric entry due to their 
small sizes. 

This paper describes results of an ongoing effort directed toward the 
microcharacterization of these particles, obtained from collectors supplied by 
D. Brownlee, using electron beam instruments. The results suggest that on the 
submicron scale there are two features that distinguish the U-2 aggregates 
from most meteoritic material: (i) The particles are chemically heterogeneous 
on a smaller size scale, and (ii) the particles contain a "matrix" of amorphous 
material which coats or embeds many of the aggregate crystallites and is 
probably responsible for the rounded "fluffy"  appearance of the U-2 aggregates 
in secondary electron images (Fig. 1). The two observations will be taken up 
in turn. 

Chemical Heterogeneity - Quantitative chemical analysis of these aggre- 
gates has been limited by three factors: Their scarcity (present world supply 
<1 vg), their geometry (10 vm is between the range of thin and thick sample 
approximations in conventional electron probe analysis), and the major-element 
presence of oxygen and carbon which are difficult to analyse. Using clean 
techniques for crushing individual aggregates (3) and a high resolution elec- 
tron beam instrument (JEOL lOOCX TEMSCAN) with a low-contamination vacuum 
system has permitted us to analyse small parts (or all) of the aggregates in 
thin sample geometry (< .5  um) using energy dispersive X-ray analysis (EDX). 
The instrument also possesses capability for secondary electron imaging (SEI) 
which allows monitoring of the rate of contamination build-up and specimen 
thickness. In this way, geometry and matrix effects on the analysed X-rays 
are minimized. Within limits imposed by instrumental contamination rates and 
beam spreading, the distribution of detectable elements within the aggregate 
can be examined. 

Figure 2 shows a 100 kV SEI image of a crushed portion of a "platey" 
aggregate after 19 6-minute 0.15x0.2-micron raster spectra have been taken 
from various directions. The small tilted rectangles represent contamination 
acquired during data acquisition. Characteristic lines in the X-ray spectra 
ranged from only Mg and Si in the lower, crystalline portion of the clump, 
through spectra dominated by Fe and S, and Fe and Si, in central regions of the 
clump, to spectra dominated only by Fe along edges of the upper portion. We 
have examined 5 U-2 aggregates in this way, two in considerable detail. 
Figure 3a shows the SEI image of a clump of a "fluffy" aggregate, much of 
which apparently "exploded" on crushing, dispersing tiny rounded clumps ranging 
in size from 0.01 to 2 microns. For all particles, it was difficult to predict 
the composition of adjacent clumps (on the 0.5 micron scale, or smaller) based 
on knowledge of neighboring compositions. This was true in many cases for 
adjacent crystals, as well as for interconnected polycrystalline or amorphous 
regions. Chemical variability on this size scale is not characteristic of 
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meteorites. Even the fine-glrained matrix material of carbonaceous chondrites 
appears to have "compositional grain sizes" on micron and larger scales, even 
though the single crystal size (e.g. in the case of layer-lattice silicates) 
may be much smaller. Statistical tests of this assertion are being prepared, 
but the observation certainly applies to most meteoritic material, and hence 
provides a useful boundary condition on any proposed origin for the U-2 aggre- 
gates. The preliminary chemical data show variable pyroxene chemistries for 
many of the larger crystals, occasional olivine spectra, and the predominantly 
iron and iron-sulfur spectra mentioned above. Additional work toward defining 
the limits of quantitation, and the use of electron diffraction, is being 
pursued to provide definitive mineral identificationsi 

Amorphous Coatings - Amorphous coatings on grains from U-2 aggregates 
have been previously observed by us and others (5) when the grains are observed 
in the transmission electron microscope (TEM). In some cases, clouds of tiny 
microcrystallites appear to be embedded more or less uniformly in such amor-. 
phous material (3). The characteristic rounded but reentrant nature of the 
surface of most U-2 chondritic aggregates in SEI micrographs (e.g. ref. 2) 
further suggests that amorphous coatings are ubiquitous and may, in fact, form 
the cementing material that holds the grains together. 

Matching secondary and transmitted electron images of the same clump, 
shown in Pig. 3a and 3b, are consistent with this interpretation. In Fig. 3a, 
the secondary electron image shows a generally rounded surface structure with 
little contrast from one part of the clump to the next. In comparison, the 
transmitted electron photo in Fig. 3b shows clearly that the clump consists of 
an opaque material pervaded by electron transparent regions. These transparent 
regions may consist of low density, low Z material, or the SEI images may 
represent carbon-film replicas of material which has been removed (after coat- 
ing the sample with carbon)by sample mounting procedures. In any event, the 
continuous, textured nature of the surface seen in Fig. 3a suggests that there 
was a continuous coating of amorphous material over the entire clump. Although 
not always so exaggerated, the different appearance of U-2 particles in trans- 
mitted and secondary electron images appears to be quite general: the former 
frequently showing sharp, angular fragments while the latter show rounded, 
lumpy surfaces. These results are not yet definitive, but they provide further 
support for the thesis that amorphous layers are an important part of U-2 
aggregate structure. Precise quantitative data are not available, but measure- 
ments with an electron microprobe (2), a scanning auger probe and an ion micro- 
probe (6) have all indicated substantial amounts of carbon in U-2 aggregates, 
as would be expected from their general chemical similarity to carbonaceous 
meteorites. We consider it likely, though unproven, that at least some of the 
amorphous material is carbonaceous in nature. 

In summary, the U-2 aggregates appear to consist typically of a fine- 
grained crystalline material, often coated with or embedded in an amorphous 
material. The fact that the chemical heterogeneity is on a finer scale than 
is characteristic even of primitive meteorites suggests that, in spite of their 
gross similarity in chemical composition, meteorites and U-2 aggregates were 
assembled under different conditions. 

We would like to thank D. Brownlee and R. M. Walker, without whom this 
work would have been quite impossible. 
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Figure Captions - Fig. 1: 100 kV SEI from U2-13-M8-16 showing lumpy 
image characteristic of nodules comprising "fluffy" U-2 aggregates. Field 
width 0.45 microns. Fig. 2: 100 kV SEI from U2-13-M5-1C. Field width 3 
microns. Fig. 3a: 100 kV SEI from U2-13-M8-16. Field width 3 microns. 
Fig. 3b: 100 kV transmitted electron image corresponding to Fig. 3a. 
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